Hepatitis C virus (HCV) has high genomic variability and, since its discovery, at least six different types and an increasing number of sub-types have been reported. The HCV genotype may influence virus replication, the natural course of disease and the response to therapy. HCV has been described as a dynamic population of heterogeneous, closely related variants, designated quasispecies. In order to study the degree of genetic variability of strains isolated in Montevideo, Uruguay, sequence data obtained from the 5h non-coding region of type 1-infected patients were compared with published sequences from 53 different strains of all types isolated all over the world. The phylogenetic analysis revealed that type 1 strains isolated in Montevideo represent a different genetic lineage from major sub-types 1a and 1b strains and indicates an increasing diversification of HCV viruses.
Hepatitis C virus (HCV) has high genomic variability and, since its discovery, at least six different types and an increasing number of sub-types have been reported. The HCV genotype may influence virus replication, the natural course of disease and the response to therapy. HCV has been described as a dynamic population of heterogeneous, closely related variants, designated quasispecies. In order to study the degree of genetic variability of strains isolated in Montevideo, Uruguay, sequence data obtained from the 5h non-coding region of type 1-infected patients were compared with published sequences from 53 different strains of all types isolated all over the world. The phylogenetic analysis revealed that type 1 strains isolated in Montevideo represent a different genetic lineage from major sub-types 1a and 1b strains and indicates an increasing diversification of HCV viruses.
Hepatitis C virus (HCV) is a major causative agent of posttransfusion hepatitis and parentally transmitted, sporadic non-A, non-B hepatitis throughout the world (Kuo et al., 1989) . About half of all patients with acute hepatitis C progress to chronic disease (Farci et al., 1991) and many of them eventually develop hepatocellular carcinoma (Saito et al., 1990) . HCV variants can be classified into six major genotypes, many of which contain a number of more closely related sub-types . In order to study the genetic variation of HCV strains circulating in Uruguay, serum samples were obtained from 17 patients from Asociacio! n Espan4 ola Primera de Socorros Mutuos Hospital in Montevideo. Patients were in each case screened using an enzyme immunoassay and Author for correspondence : Juan Cristina.
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The EMBL accession numbers of the sequences reported in this paper are AJ012831 and AJ012832. a dot procedure from Organon Teknica, according to the manufacturer's instructions. The 5h non-coding region (NCR) of samples that were reactive were amplified by PCR, as described by Chan et al. (1992) . Comparison of the HCV strains from the Uruguayan patients with the major genotypes of HCV was done by cleavage of the amplified 5h NCR using restriction enzymes that recognize sequence polymorphisms between HCV genotypes (McOmish, 1994 ; Davidson, 1995) (not shown). Genotype 1 was the major genotype found in this study (64n7 %). This result is in agreement with the most prevalent genotype found in southern Brazil (Krug et al., 1996) , with whom Uruguay has a common border, and also in our other neighbouring country, Argentina (Picchio, 1997). Genotypes 2 and 3, also found in Brazil (Krug et al., 1996) , Argentina (Oubina, 1995 ; Picchio, 1997) and Venezuela (Pujol et al., 1997) , accounted for 1 (5n8 %) and 2 (11n7 %) patients. Genotype 5, that accounted for 2 (11n7 %) patients in this survey, is present also in Argentina (Oubina, 1995 ; Picchio, 1997) . The results of this study show that at least four different major HCV genotypes can circulate in Uruguay at the same time.
Once the genotypes were established, sequences from the amplified 5h NCR of HCV strains from two different patients (named Montevideo 1 and 2), belonging to the more representative type (type 1), where obtained by sequencing both strands of the nested PCR fragment in order to avoid discrepancies. Sequences were obtained using an Automated DNA Sequencer ABI PRISM model 377, version 3.0, at SeqWright, USA.
We have chosen to use this region (in the 5h NCR) since the existence of a few identifiable polymorphisms between major genotypes reliably permits us to compare with examples of the known genotypes (and even sub-types) of strains isolated all over the world. Furthermore, since this 5h NCR is the region of choice for detection of HCV in vivo, this method can be conveniently added to conventional PCR methods used for diagnosis.
The sequences obtained from the Uruguayan patients are shown in Fig. 1 . Restriction sites for HaeIII, RsaI, MvaI and HinfI were present in the sequences and gave the expected patterns for type 1 strains according to McOmish et al. (1994) . Nevertheless, several substitutions were present when compared to H77 isolate (sub-type 1a) (Fig. 1) .
In order to determine the degree of genetic variability and heterogeneity of the Montevideo strains, evolutionary analysis was done by alignment of the 5h NCR sequences obtained from the Uruguayan patients with those from 53 other strains of all types isolated elsewhere, for which total sequences have been obtained. The origin of the sequences and the strains used are listed in Table 1 . Once aligned, using the MEGA program (Kumar et al., 1994) , it was established that 46 nucleotides were variable in the 5h NCR area amplified. Then, a matrix of distances was created for the Kimura-two parameters model (Felsenstein, 1993) , showing that the differences in distances range from 0 to 13n41 %. Using this matrix and the neighbourjoining method phylogenetic trees were created and their reliability was assessed by bootstrap resampling (500 pseudoreplicas). These methods were implemented with software from the MEGA program.
The results of these studies are shown in Fig. 2 . As can be seen, the majority of the strains included in this study, which are known type 1 strains, are clustered together. Strains belonging to the other five HCV types are clustered separately. Fig. 2 and Table 1 ). Interestingly, the Montevideo strains (Mon 1 and Mon 2) are not clustered together with the major types 1 (1a and 1b) but separately in a different genetic lineage (Fig. 2) .
Comparison of the complete genomic sequences of HCV reveals considerable heterogeneity between different isolates, with extensive sequence divergence that is distributed throughout the genome in regions encoding both structural and non-structural proteins (Okamoto et al., 1991) . Variants of HCV have been classified by nucleotide sequence comparison in different regions of the genome (Simmonds et al., 1996) . As many more HCV isolates are expected to be found throughout the world, extreme care should be taken in assigning new types or sub-types. For instance, using the distance-based method of virus classification, new types 6b, 7c, 7d, 9b, 9c and others were proposed (Tokita et al., 1995) , but when these proposed variants were analysed by phylogenetic and statistical approaches, no justification for this classification was obtained (Simmonds et al., 1996) . Phylogenetic relatedness, on the other hand, provides a more appropriate description of the evolutionary and epidemiological history of a virus. The advantages of using sequences of the 5h NCR for genotyping are (i) the presence of a few identifiable polymorphisms between major types that correlates with examples of the known genotypes (Simmonds et al., 1994 b) and (ii) phylogenetic and statistical measures can be used for a more appropriate description of the genetic relationship among different viruses. Using this approach, strains isolated in Montevideo can be clearly assigned to the type 1 cluster (Fig.  2) , in agreement with the RFLP studies. Nevertheless, the Montevideo strains are not situated together with the major sub-types (1a and 1b) in the cluster. Since the same genetic relationships are obtained for the 53 known sequences included in this study using full-length sequences (not shown), it seems that the Montevideo strains are more closely related among themselves and show a more distant genetic relationship to sub-type 1a and 1b strains isolated elsewhere.
Previous studies have shown that HCV genomes in vivo form quasispecies populations, and that these quasispecies populations change during the natural course of chronic infection (Kurosaki et al., 1994) . Genetic mechanisms responsible for the change in the HCV genome appear to be either a continuous accumulation of mutations or selective overgrowth of pre-existing minor variants from the large spectrum of quasispecies population. These mechanisms can be related to the appearance in Montevideo of strains more distantly related from major type 1 sub-types (1a and 1b) and to an increasing diversification of HCV.
It has been suggested recently that primary HCV infection is an oligoclonal event, and that adaptation of HCV for persistence in vivo follows different routes, probably representing the molecular counterpart of virus fitness for individual environments (Manzin et al., 1998) . If that is correct, the appearance of type 1 strains in Montevideo that show a more distant genetic relationship to major type 1 sub-types may also be associated with this phenomenon.
Since different genotypes seem to correlate differently in interferon resistance (Dusheiko & Simmonds, 1994 ; Shiratori et al., 1997 ; Zein et al., 1996 ; Garson et al., 1997) , the presence of different HCV genotypes circulating at the same time will lead to the adoption of different treatment policies for patient management. Besides, it will have implications for the design and composition of future candidate vaccines for HCV in different countries. In the case of Uruguay at least, a candidate vaccine will have to be raised to protect against not only the major types seen in European countries, but also against genotype 5, and its efficacy must be proven against strains distantly related from major type 1 sub-types.
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